INTRODUCTION
============

Compression hip screws have been widely utilized as treatments for intertrochanteric fractures; however, high fixation failure rates have been reported when they have been used to treat unstable fractures[@B1],[@B2]. Therefore, intramedullary nailing has become a commonly used treatment option in recently years, while replacement arthroplasty has become increasingly reserved for limited cases[@B3],[@B4],[@B5],[@B6].

The Compression Hip Nail® (CHN®; Tradimedics, Seongnam, Korea; [Fig. 1](#F1){ref-type="fig"}) utilized in the current study possesses a few of the advantages associated with the proximal femoral nailing approach, and is also free from the protrusion of lag screws. Additionally, irritation of the trochanter has been minimized by the sliding barrels. The aim of the current study was to examine the clinical and radiological outcomes of intertrochanteric fractures treated with the CHN.

MATERIALS AND METHODS
=====================

1. Study Subjects and Methods
-----------------------------

Of the 43 cases of intertrochanteric fractures seen from November 2012 to October 2013, a total of 28 cases treated with CHN® in our orthopedics department and followed up for \>6 months were included in the current study. Follow-up for 15 cases was not possible due to deaths and other patient-specific issues. Operations were performed by 2 surgeons and analyzed retrospectively. Eleven patients were male and 17 patients were female. The average age at surgery was 75.2 years (range, 44-89 years) and the average follow-up period was 9.2 months (range, 6.1-16.5 months). As per Evans\' classification[@B7], 17 cases were stable fractures and 11 cases were unstable fractures.

2. Operation Methods and Postoperative Treatments
-------------------------------------------------

Patients under either general anesthesia or lower-body anesthesia were placed in the supine position on the fracture bed prior to being moved. The operation was started upon confirmation of successful reduction through the use of an image amplification device. In some cases, the reduction of posteromedial bone fractures was conducted via a percutaneous operation. Once the location of the greater trochanter was confirmed, a skin incision approximately 5 cm long was made in parallel with the long axis of the femur from the apex through the proximal greater trochanter.

A small split window was made on the glutaeus maximus and musculus glutaeus medius so that a guide pin could be inserted on the apex of the greater trochanter. Once the location of the guide pin was confirmed to be in the middle of the medullary cavity of the bone utilizing an image amplification device, an insertion site for the intramedullary nail was made with a power reamer prior to insertion of the proximal femoral nail.

The lag screws combined with a barrel were placed in the middle of the head of the femur with the aid of anteroposterior and lateral images from the image amplification device, and inserted considering the appropriate tip-apex distance (TAD). In 25 cases, 1 distal locking screw was inserted, while 2 locking screws were used in the other 3 cases. Two types of end caps, static and dynamic, were used. Dynamic end caps were inserted through the proximal screw grooves of the intramedullary nails while closely attaching to the convexo-concave surface of the upper part of the barrel, thereby holding the barrel on the intramedullary nail and allowing sliding of the lag screws in the barrel. In contrast, static end caps were slightly longer and could be inserted even deeper, distorting the upper part of the barrel and hindering the sliding of lag screws via a tight attachment between the barrel and lag screws. In the current study, the extension cap was used after the dynamic end cap, instead of the static end cap, in order to allow lag screws to slide in all cases. A drainage tube was not inserted in the surgical incision window. Once the operation was completed, walking with the aid of a walker as soon as possible was recommended, and weight-bearing was also allowed. In advance of walking, patients were periodically subjected to an air pressure device in order to prevent cardiac arrhythmia thrombus. For the initial 11 cases, 10 mm sliding lag screws were used; 20 mm sliding lag screws were chosen for later 17 cases as suggested by the authors.

3. Analysis of Clinical Outcomes
--------------------------------

Clinically, operation time, amount of transfusion, and start time of weight-bearing with a walker were investigated based on the medical records from all cases. Except for the 5 cases who underwent reoperation due to cutout of 1 or more lag screws or fracture non-union, functional recovery as well as postoperative physical activity were analyzed in 23 cases using the modified Koval index[@B8],[@B9]([Table 1](#T1){ref-type="table"}). Radiologically, TAD[@B10] and the Cleveland index[@B11] were measured in 28 cases that were available for follow-up at \>6 months. Except for the 3 reoperation cases (due to cutout of 1 or more lag screws or fracture non-union), sliding of lag screws was measured immediately after the surgery and at the end of follow-up period in 23 cases. Furthermore, the bone union was evaluated after 3 and 6 months of surgery. The bone union was defined by the formation of a bony callus observed in the anteroposterior and lateral radiological images, as well as an absence of pain as self-reported by the patients.

3. Statistical Analysis
-----------------------

For statistical analysis, PASW Statistics ver. 18.0 (IBM Co., Armonk, NY, USA) was utilized. The multivariable logistic regression analysis was performed in order to analyze correlations between sliding distance before and after improvement of lag screws, sex, age, Evans\' classification, TAD, Cleveland index, and occurrence of complications. Chi-squared tests and t-tests were performed to analyze differences in sex, age, sliding distance, and TAD between stable and unstable fractures as suggested by the Evans\'classification. A *P*-value \<0.05 was considered statistically significant.

RESULTS
=======

The average operation time for all cases was 65 minutes (range, 40-140 minutes). In cases when the hemoglobin level was less than 8.0 (18 cases, 64%), an average of 2.4 units of red blood cell concentrate (range, 1-4 units) was transfused. The average time to weight-bearing was 2.7 days (range, 2-4 days) after the operation. Except for 5 patients who underwent reoperation due to cutout of 1 or more lag screws or fracture non-union, pre- and postinjury ambulatory ability was compared in 23 cases. Results indicated a score of 3.9±0.7 at the final follow-up, which was decreased as compared to a mean preinjury score of 4.3±0.8. In 11 (48%) cases, ambulatory ability was fully recovered, while it worsened in 12 cases (52%; [Table 2](#T2){ref-type="table"}).

In all cases, the average of TAD measured after the surgery was 20.6±6.77 mm. Regarding the Cleveland index, 2, 4, and 12 cases were well located in regions 2, 3, and 5, respectively. Additionally, 7 and 3 cases were located in regions 6 and 8, respectively, which accounted for 71% of all cases. Of 25 cases (excluding 3 patients who had replacement arthroplasty due to cutout of 1 or more lag screws; [Fig. 2](#F2){ref-type="fig"}), 17 (68%) and 23 (92%) showed radiological union at postoperative months 3 and 6, respectively ([Fig. 3](#F3){ref-type="fig"}). Reoperation was performed in 2 cases that did not show radiological union at postoperative month 6. The average sliding distance of the lag screws was 7.6±4.5 mm (0.4-15.9 mm) in 23 cases (excluding 5 cases of reoperation due to cutout of 1 or more lag screws or fracture non-union; [Table 3](#T3){ref-type="table"}).

Complications were noted in 7 cases (21%): cutout of the lag screws in 3 cases (11%), non-union in 2 cases (8%), lateral protrusion of barrels in 1 case (4%) and fractures around the inserts in 1 case (4%). One patient had both lateral protrusion of barrels and non-union simultaneously ([Fig. 4](#F4){ref-type="fig"}). The TAD was \>25 mm in 1 of the 3 cases of cutout of the lag screws and in 1 of the 2 cases of non-union. No significant association was found between sex, age, Evans\'classification, TAD, or Cleveland index in the multivariable logistic regression analysis (*P*=0.295, 0.377, 0.564, 0.135, and 0.096 for sex, age, Evans\' classification, TAD, and Cleveland index, respectively).

One case of lateral protrusion of barrels and 3 cases of cutout of the lag screws were found in the group with the 10 mm sliding lag screws (n=11), while only 1 case of non-union was found in the group with 20 mm sliding lag screws. Furthermore, no cases were noted to display lateral protrusion of barrels as well as cutout of the lag screws in the group with the 20 mm sliding lag screws. The complication occurrence rate was significantly higher in the group with the 10 mm sliding lag screws as compared to that observed for the group who used the 20 mm sliding lag screws (*P*=0.03).

No statistical differences in sex (chi-square test, *P*=0.315), age, TAD, and sliding distance (t-test, *P*=0.531, 0.966, and 0.643, respectively) were found between stable and unstable fractures as defined per the Evans\' classification. Other medical complications including myocardial infarction, pulmonary embolism, and stroke were not observed.

DISCUSSION
==========

Intertrochanteric femoral fractures are very commonly observed, account for approximately half of all hip fractures[@B12], and result in loss of independent living skills, as well as incomplete recovery of physical ability in approximately 50% of cases[@B13],[@B14],[@B15]. Several treatment options, such as compression hip screws, metal plates, and intramedullary nails are available, while replacement arthroplasty is performed only in limited cases[@B3],[@B4],[@B5],[@B6]. These approaches represent various advantages and disadvantages, and therefore, a number of studies regarding their clinical outcomes have been reported[@B13]. Recently, the use of intramedullary nailing is increasing, as it can be applied for almost all fracture cases including reverse oblique fractures and high subtrochanteric fractures. Additionally, intramedullary nailing is among the more minimally invasive techniques and allows for earlier weight-bearing[@B17],[@B18],[@B19].

Several studies have reported on the operation time associated with the use of intramedullary compression hip screws and intramedullary nails with varying results. In the current study, the average operation time was shown to be 65 minutes, which is somewhat similar to other reports[@B20]. The average of amount of transfusion was approximately 2.4 units, a result that was slightly higher than that of a previous study[@B20] and which may have been attributable to the high proportion of patients (6, 21%) who were taking anticoagulants such as aspirin.

Schipper et al.[@B22] asserted that the cutout of lag screws was most likely due to the position of the screws rather than issues with the instruments. In the current study, we found that TAD results were favorable and that no complications were noted due to TAD. For the initial 11 cases, the 10 mm sliding lag screws were used; however, the 20 mm sliding lag screws were chosen for the later 17 cases. It is important to note that we only found the cutout of lag screws and the lateral protrusion of barrels in the initial cases that used the 10 mm sliding lag screws. Furthermore, in the radiological images of all cases of cutout, the sliding of the lag screws reached the upper limit of 10 mm, suggesting that the cutout of the lag screws may have been attributable to the pressing force applied to the fractures once the screws reached their maximal sliding distance (i.e., 10 mm). Upon modification of the maximal sliding distance up to 20 mm, such complications were not found. Given these results, sliding distance is considered as an important factor for the cutout of lag screws, and the optimal sliding distance for lag screws would be approximately 20 mm.

One case of fractures around nails was due to an additional injury from a fall. Other than 1 case of non-union, no complications were observed in the group with the 20 mm sliding lag screws.

The current study had several strengths. First, we investigated the effects of sliding lag screws on clinical and radiological outcomes that had not received a great deal of previous attention. Second, the current study investigated the clinical outcomes of surgical instruments manufactured domestically, which may be helpful in advancing the further development of Korean instruments and related business interests. Lastly, the results of the current study demonstrated that clinical surgical outcomes were improved through the advances in instruments based on surgeons\' needs and may serve to emphasize the advantages of utilizing domestic instruments with regard to the selection and development of instruments in the future.

The current study also had several limitations. First, the statistical power of the study was relatively weak due to the small sample size. Second, all surgeries were performed by 2 surgeons and this may have had an influence on the surgical outcomes. Third, even though all operations were conducted by 2 independent surgeons, we did not compare them to each other. Lastly, we were not able to evaluate bone mineral density in all cases, and thus related analyses were not performed. Taking into account the aforementioned weaknesses, further prospective studies with larger numbers of subjects are warranted.

CONCLUSION
==========

The results of CHN use for the treatment of intertrochanteric fractures were shown to be poor due to a high complication rate. In contrast, clinical outcomes were more favorable in the group with the 20 mm sliding lag screws. Collectively, these results support a recommendation for the use of the 20 mm sliding lag screw for the treatment of intertrochanteric fractures.

![Gross photograph of assembled Compression Hip Nail® (Tradimedics, Seongnam, Korea). (**A**) Pre-sliding state, the doubleheaded arrow denotes pre-sliding length. (**B**) Post-sliding state, the arrow denotes lateral protrusion of the lag screw did not occur even when the lag screw slided completely.](hp-26-166-g001){#F1}

![(**A**) Immediate postoperative hip anteroposterior radiograph of 80 years old female. (**B**) Cutout of the lag screw was observed on postoperative 1 month radiograph. (**C**) Total replacement arthroplasty was done.](hp-26-166-g002){#F2}

![(**A**) Hip anteroposterior (AP) radiograph of 82 years old female patient shows unstable intertrochanteric fracture. (**B**) Immediate postoperative radiograph shows well reduced fracture. (**C**) Postoperative 6 months, hip AP radiograph shows solid union of fracture and 4.5 mm sliding of lag screw without lateral protrusion of lag screw. White arrows indicate pre- and post-sliding lengths.](hp-26-166-g003){#F3}

![(**A**) Hip anteroposterior (AP) radiograph of 82 years old female patient shows unstable intertrochanteric fracture. (**B**) Immediate postoperative radiograph. (**C**) Postoperative 6 months, hip AP radiograph shows lateral protrusion of the barrel.](hp-26-166-g004){#F4}
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